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Abstract: 

PROBLEM TO BE SOLVED: To provide a substrate for GaN crystal growth with which a high 
quality GaN substrate which is thick and moreover does not contain defects such as a transposition, 
etc., can be obtained, and the manufacture of a GaN semiconductor element using it. SOLUTION: A 
mask region 12 covered with a mask layer 2 and nonmask region 11, where the base substrate face is 
exposed, are made at the face of a base substrate 1 . A material where crystals will not grow 
substantially from its own surface is used for the mask layer. In the case of making the upper part of 
the mask region into low transposition, the mask region is made in such form that at least the outline 
includes two straight parallel lines yl and y2 which extend in the direction <1-100>. Furthermore, a 
width wl of two parallel straight lines is made smaller than the width of a GaN semiconductor 
element, and moreover is made larger than the width of the active part of the element. In this case 
for, dividing the GaN semiconductor element into separate pieces, it is preferable to make use of a 
nonmask region. COPYRIGHT: (C) 1 999,JPO 
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<amz%&M<Dli%bl,X*:<DB.Tlzttfc£l£5m&, ^ 

xtmmomvmb, m^nmn^Lb^mwznm^ 

*4^4<bf4, *^©iST©«K© 5 

20 [0 0 3 9] -75, -7^^ffi«»*a^^roft7cls*t 

V\ #3PJT'I4, ^x?mi&±%Zi&m{iLbi-?>m-&\z 
(4, GaN^Ii«g$f5fc» 
©ffl«£-e*>0 4#e>, a>o#Bfffl©iB8iJ£iH!ci45„ 
Sot, Witfyi"-*>^t±oT»Wf-f5»&^tt 
o^i45*Sl4%if«6< , #0r©fcftl::&54il-t?f44 

■f5#g-(C{4, ox62 0)im~5 0MmgIMIf 
30 fcS„ 

[0 0 4 0] ±ffi©J&*»e>, ^^^ffi^iTjlCfilSjitlfP 
^*?FM-f S*-a-|-(4, *-e^^tl*©«|±, 0. 5/i 
m~5mm, ^ic, 1 n m~ 1 ramSS 

So 

[004 1] H 2 <7)ffi^i4, El 1 iC^i-Mm<D/< y 3i - 
v'ayffcot, (11-20) 75(6]©i|gfc(tt?4< , 

(1-10 0) #|6]©M<t>, *^-©»*t^^i>frfcffi« 
T'fc-5 0 g|l%, f@^©-7^.^ffi^(4, (1-100)75 
(S]i-ffiU J 5¥tT4 2Sy 3, y 4 (11-2 0)75 
40 (p]lCjItJ ? 2. 3 Ftf4 2jax 1 , x2^P>4575^©^ 

T*oT, ro75ff^©ff^s, aw©*^©*^^*) 

J****4fotf, (1 1 -2 0) 75(fi]©ite*fc(4, (1 
-1 0 0) 75[S]©*g©^-f4x^-75^, *?©?£ttg|5© 
*^©^*StlTT$)tVl44 < . ffi,75l4^^©S 

(SS$ix4^. H2CD«T*f4, Z.<D-?*>?ffi$.tii, <i 
1-2 0) 75r6]t (1- 1 0 0) 75|6ltlC-v h JJ ^^.^ 

50 [0 0 4 2] H2(D^(C*J^-C, ^^.^^«±75(C{g; 
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*:ilo©iif^£*tj£;£-£S©i4, -o©&£U>fit8 
T-feSr, 0iJx.fi, 1 o©-7*;71gjgc© <1 1-2 0) # 
|p](7>-i22rofi$w 1 05 (c) ICtfI"* hy^TV 
— tf©* H^^gpcOiffiAi-rS&ibif. (1-10 

#rfih <i - i o o) ft-rxf&t&xftmx 

[0 0 4 3] 11 3 ©f»8l[4, 0 1 i'^-fffi1ScDft!l(73/^ y 

i-> 3 yt*fcot, ^^SIi&f4&^:|£©ffii$i:fto 
Ti>5 0 . I^EKc^-t-i^i-^^^ffl^fi, (l-io 

0) jj$\\Z&Z>¥-ftt£2W.my 5, y6iCj;o-Cft^ 
<1 1 -2 0) %m^XfZ>¥-ft 
42tlx3, x 4(Ciot^:S^iX-5^<0^t^ 
4ft£fr£ftT&^#©ig$<!:ftoTl^-5 0 -^*?fg$ 
±mz.i&mi$.W%ZMl$.£itZ>tebl-£, 2BBy5, y 
6Wi|iwl N x3, x 4<D$g,w 2iB&)<D^<DBi)HC 

-a-*)-e-c»fi!cu rti.f>2*[fi]w»^wffl^^tT 

[0 0 4 4] 0 3©fH§lC < fcoT, -7^ ?mi$,±.l5 icfg 
i|fc{£»#£I^U ±ffi2*[6]»«#ccD^^S^LT 

£S*|5]±£ (1 1-2 0) *[n](C|g^||(c:!So-C, * 
fc, (1-10 0) *[6KC^^(rf^oT, fc^Clft 

Hrffttf 11* ©IS? bns. 

[0 0 4 5] S^G a N^I,j&;I:ffi*1£©-^ 

[0 0 4 6] *^WiCj;5GaN^^l**^(7?SSii* 
StLTfK H4 4fcf4t2l6l^i-J:5fC**»* J F- 

^ ? ffi«©±*^{£tefii: t ft o fc^-e-fc (4^-7 * ^ 

[0 0 4 7] G a NS*£fi©]&ftf±. ^-*««©#-r 

7 (a) fC^-TJ;5fC, ^^^S|S]±OFBlf4Ga 
ii£J:oT3fctt3ft. ^ibf^07 (b) i^n^li, 
Ga N»*5fitt-r^^iiO±ffiJ: 0 t>« < i^ttJ-f 5 0 - 
©£#, GaN%£AttilS££ffi (Ctt#ffl) fcftT-ft 



(7) ffl¥l 1-10 3 13 5 
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fat^U ov>[;:i±0 7 (c) Ki^-f i ?tr s -r*? 

1 2 ±£££{cs 5 1 &tmzjjfa^<Di&mmffi. tx 

[0 0 4 8] G a NgjftiJgtt, 0 7 (c) (C^-f <fc b 

■?z?mc>mi$.'<?-y j $>mM i i&&&w<omvi\z& 

io '>ft< ki>-?x?m®±<oM#i*. wmto<om 
as mvL%<nxms&&vfo*m *m%M.b-tz>ws 

faf£$:\cXMi&£titzh<oX'h?><DX\ U®M<D*Mktf' 
*t?fco-cfifttffiatt/h$<, ffi#©ftyiM$c©tSiS 

[0 0 4 9] IMUf £ LT^ft$*5-<#^lWf4. Ga 
Nfc*ttT*ft<, GaN|M#T*fcott±l\ «xJf 
20 SI n« Ga» Ah N (OgX^l, O^Ygl, 0 
^Z^l, X + Y + Z=l) -e*§jl5GaN*©ft^ 

[0 0 5 0] G a N*|S*©*Jt*ftKoV%TH:«!Rtt 
ft<, HVPE, MOVPE (MOCVD) , MB E ft 
if#0lJ^-C*#5. t 9frttHVPEf4Ctt*|i^©J#;g 

[0 0 5 1 ] 0 4 (a) fOTvT i 5 (C, ±IEG a 

30 SStUfflV\ '>ft< £i^**«tt±fcffitt«#< 

«#*»fifci-S. PIH©«tt, H^riMSilgftGaNSL 
EDiDi^ffeot, -^^^©*St*iF©i|ii:ettg|3© 

[0 0 5 2] 04 (b) f-^-rj; 5fc, £-gic© 
40 S^Sr^tfSlJifrSr^WrL-Cfi*©^^*. -<-^ 
Ste©l^*(4fiST'fe5 0 

[0 0 5 3] SB*;}*;* h^-ryiz-fffesi^, <Dx 

(DftmbftWiZftteb :t»SU^. 0iJx.«, ±E® 
(c*fLT(4, -v^^ffl«5r01 i^^-rj; 5ft««i: L 

©fi^*|filSr, ffl*©^**ffiJSc©?&©ft3i;£|p|£ t, 
50 fflicfii^©^ h7i'7 0 i/-f : 5rii^fc^7.^^«c±(r 
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Stele, * h5>T:/tt©£##|6iiSH/j:a5-CSMfc±# 

(Wx.tf, B6tttSl, S2CiBo^i) 
L, H6©89ffia5»|c^h,-CV^5i5lc, (11-2 
o> *i*alcB*ofc*-fasai|jlEtttoj5:*oT^6Wi 

ftKm*$mwk LtM («*.«:, H6T-iiui~u 

[0 0 5 4] 

i 

LT*?-«:[B* U 0 5 (a) 

[0 0 5 5] [GaN3R»Sd«fifl!S«©»tfO S«2 
-O-^, J?£ 3 3 0 Mm, Cffif-7r-TTSS±(C s M 
OVPEgf^ftot, if $ 2 0 nmOA 1 
-JfSrffififiEfiU i^tl. 5//m(DGaN»l^fiic 
fiU Lfc„ rcoS«(D^®(c N s i 0 2 

yfmX'B&L. *!8iia5Ga N^ISilAJIffiSK 

[0 0 5 6] -^^gOffM^ — Vfit, loovx^ 

(11-20) *(p]290mitiX<1-10 
0> *|SJ2 9 0 AtmroE^ffcoT, IW©LED© 

**tt2:ft5J;5K: (1 1-20) #rSh (1-10 

0) #fclOpm©MH«rtt^TEJlL'fc. &° 

■C, ^^^^«P±<Df s/f-{4, (11-20) 
(1 - 1 0 0) 2r|fih *{C3 0 0 //mtrfc-So * 

t> ^^^Wl Mi 0 vm<D%tf;<nmmm#ir 

[0 0 5 7] [G a NigfilW^] ±fEG a N$i££i 

SSMtS^HVPEgflcilL, H7{r^-rj:9 
fc, ^^^£iitU2 00tfm©nlGa 

[0 0 5 8] C»3t*^-©JK*) nlG a N«M £S 
tSEi LT^WilC, ^BtC, n-GaNl/n-AlG 
a NJf / n - I n G a Ni/ InGaNi (SttJl) / 
p-A I G a Nl/p - G a Ni«M$f > Sfc 



(8) #0fi^p 11-10 3 13 5 
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[0 0 5 9] [f@* ©if-.©5)i) mW*yy4 
'<-KT, H4 (b) I£*i\fc3fc, &T-#<D#-7*? 

[0 0 6 0] #*J£#llc:J;oT, 

$ttte#^^tf(Sp p pRWG a N5RiBfi»R*ffl^fcL E 

6, *»W©«|3t*ffitio-C»P>ixyi:LEDO*as, 
JWMWfeJffcfefcl. 5flM=«HfeiSfl±LT 

[0061] Hil^i 2 

fH, 0 lfc^-f «fc 5 fc, -r^^SSr, GaNM© 
20 (1 - 1 0 0) -h^mJ-^W^W^b L1t 0 GaN| 

?m<n^y~ — M 1 5 0 u m, H>fyf 300/i 

[0062] c* h^-r^u— -fm&oj&m g a 

^Hlfi)cSfflS®±(Cif:$ 1 0 0 u m©G a N*£b!1£» 
JESLTStfifcU ^©±(C. Affile, n-GaNl/n 
-A 1 G a Njf/n -G a NJf/ I n G a N#fi*^# 
Fl/p-A 1 GaNH/p-GaN/l/p-A 1 Ga 
Nl/p-GaNf«M^t, «/§ft£R I E 
30 (Reactive Ion Etching) T'8fi m<73i|>I(;i?£ LT^i y=f- 

(1-10 0) 75|fi](CjEffit(C-g-^-&fc 0 McfcoTC 
it7?^ Tgffi£|&5fe U ±>&<F>Wh-* 8 0 m m £ L 

[0 0 6 3] (|*©S^©»i) ^F7'f7 , Oftf 
*|6]i:K^-t-?>ffi^^»f®t LT\ W*>, B6©S1, 
S 2tDit>*rtLf>(C^tT(C5 0 OpmtyfWW 
40 (MIT'©--til) L, (1 1 -2 0) 7?[S]lcP^ofc 

tt±(ffc^ II]6<£>Ul~U4lC?£oTl53&&rU <@*<© 

[0064] *aEa«tj:oT, mmmi tmm\^ -? 
xyffl$.*%im&< y vyjy'nKftmz&xmi-zfc 

&<y b7<<7i'~fiimh1M>z.biit>t>>o1t a 
50 [00 6 5] 3 



15 

GaNglO <1 1-2 0) jjfolcMVZWfilfaVit L 
5 0 Ainu W}Wz.#^X?ffii$,(Dmtf 2 5 0 u mX'h 

I0066] i&fii<DMm ±.m¥-nmviv-?x?mfr 

TfM^ftfcG a N^IS.gj&KfflSSSrH v P E^firtlC 

ksu m&i ooo^ GamntLx hi) j?-/^ 

y^A (TMG) , NJS^ft LTT>^e=T, K-^V 10 

G a N^fBlO±ffi^ip±B|C^ofcB#^T-£OC»«C7)/i: 
^■14, 10 0/1 mT-fcoTto 

[0 0 6 7] tf«3gOJf^] ^rO± 

±S(-, n-G a Nl/n-A 1 G a Nf/n-G 

aNi/I nGaNMt^Fi/p-A 1 G a Njf 
/p-GaNf/p-Al G a Nf / p — G a NJIStIiII 
&J#fi£-tir, HJfft:£R I E (Reactive Ion Etching) 
T-8 /xmWitglC^LT^s/^V-^L. X h7-f/ti: t 20 

£ (11-2 0) ^[fil^IEai^^-arfc., flCiot 
Cit7r^7Sfe^U ±ft»J¥^£8 0 ^ mi 

[00 6 8] [ffl* ©*^©#»r] X f» 7-Y 

^#HJ (Mffifc-^^i) U (l-ioo) %mz.m 

[0 0 6 9] *5Ut«tJ:oT, #-vX?ffi«ro_h#£ 
ffifc&ftU U-1f0>;* 
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[0 0 7 0] 

cD±2r<m ^ft^lcl^ $ ft* A£FfciB.ff0>&A * i ^ 

[H 1 ] *3BW©G a N*igfli^ftffl3feK©-ffi|^i- 

IB 2] **W©G a N«glMf))i«OftOfl^ 
-f0-T?fc5 o 

[0 3] *3BM©GaN*ilS**ftffl*tt©te©«*:^ 
[0 4] *&W<DG aNXttiAJIAXKtffiV^G a 
[0 5] BW©*^-©(BiJE:©Stt«©(i«)0ilSr*-ria 
[0 6] «S^0Ga N5KISfifi]lfiffl*SS:fflV^Ga 

[0 7 ] #3PJ<7)G a N*i|giifiK*fflStR±^©G a N 
^9BS<O^fifc3r7Kf0-efcS o 

1 ^-^ss 

2 -^x^ji 

3 G a N$&iHJ| 
1 1 

12 




(10) 



1-10 3 13 5 




2 *7X*Jg 

1 1 *7X^« 

I 2 
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